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(54) COMPOSITE SALT OF PHOSPHORIC AND AMINO ACIDS WITH POLYVALENT METALS AND 
FEED ADDITIVE COMPOSITION FOR RUMINANTS 


(57) The present specification discloses a ruminant 
feed additive composition which contains as an active 
ingredient a phosphoric acid-amino acid-polyvalent 
metal composite salt (final composite salt) which is 
insoluble in neutral or alkaline water and is soluble in 
acidic water and which can be obtained by treating a 
composite salt composed of a basic amino acid, mag- 
nesium and phosphoric acid with a salt of a divalent or 
trivalent (polyvalent) metal other than magnesium, or by 
treating the above-mentioned composite salt with the 
polyvalent metal salt and a condensed phosphoric acid 
component (alone) or the condensed phosphoric acid 
component and a phosphoric acid component (in com- 
bination), this composition taking the form of a powder 
or granules. The above-mentioned final composite salt 
can exhibit the excellent stability to neutral or slightly 
acidic water, namely, the low solubility therein in com- 
parison with the intermediate composite salt, and it can 


have both the excellent insolubility of the basic amino 
acid in a rumen of a ruminant and the excellent edition 
thereof in an abomasum and lower digestive organs. 


Printed by Xerox (UK) Business Services 
2.16.7/3.6 


5DOC1D: <EP 0937706A1_I_> 


EP 0 937 706 A1 


25 


Description 

Technical Field 

5 [0001] The present invention relates to a novel phosphoric acid-amino acid-polyvalent metal composite salt and a 
ruminant feed additive composition containing the same as an active ingredient. The ruminant feed additive composi- 
tion of the present invention can be stable in a rumen of a ruminant and release a basic amino acid in an abomasum 
and lower digestive organs, and it can take the form of a powder or granules. 

10 Technical B ackground 

[0002] When biologically active substances such as amino acids, vitamins and the like are orally administered directly 
into ruminants such as cow, sheep and the like, most of these substances are decomposed with microorganisms in the 
rumen, and are, therefore, not utilized effectively. Accordingly, rumen by-pass preparations for use in the ruminants by 
is wh.ch these biologically active substances are protected from the decomposition with microorganisms in the rumen but 
are digested and absorbed in the abomasum and lower digestive organs are important in the field of ruminant feed 
nutrients, chemicals and the like. 

[0003] With respect to ruminant feed additives containing a biologically active substance, a method in which a biolog- 
ically active substance is dispersed in a matrix formed of a hydrophobic substance such as fats and oils or a protective 
20 substance such as a basic high-molecular substance, and the dispersion is granulated, or a method in which a core 
containing a biologically active substance is coated with a hydrophobic substance such as fats and oil or an acid-sen- 
sitive substance such as a basic high-molecular substance has been proposed so far. 

[0004] Concerning the method in which the biologically active substance is dispersed in the protective substance for 
example, Japanese Laid-Open Patent Application (Kokai) [hereinafter referred to as "Japanese KokaH No. 
168,351/1985 proposes a method which comprises mixing a biologically active substance with at least 20% by weight 
of calcium carbonate and at least 10% by weight of an aliphatic monocarboxylic acid having 14 or more carbon atoms, 
hardened fats and oils or the like, and pulverizing the mixture. Japanese Patent Publication No. 10,780/1984 proposes 
a method which comprises dispersing from 30 to 50% by weight of a biologically active substance in a protective sub- 
stance comprising from 10 to 35% by weight of a salt of an aliphatic monocarboxylic acid having from 14 to 22 carbon 
so atoms or ricinoleic acid and the remainder of an aliphatic monocarboxylic acid having from 14 to 22 carbon atoms rici- 
noleic acid or hardened fats and oils. 

[0005] Concerning the method in which the biologically active substance is coated with the hydrophobic protective 
substance, for example, Japanese Kokai No. 31 7,053/1 988 proposes a method in which a biologically active substance 
is coated with a protective agent composed of an aliphatic monocarboxylic acid having from 12 to 24 carbon atoms 
35 hardened fats and oils, lecithin and a glycerin fatly acid ester. 

[0006] Concerning the method in which the biologically active substance is coated with the acid-sensitive protective 
substance, for example. Japanese Kokai No. 46.823/1979 proposes a method in which a biologically active substance 
is coated with a coating composition containing a.film-forming basic high-molecular substance. Japanese Kokai No 
217,625/1992 proposes a method in which a biologically active substance is spray-coated with casein in the form of an 
40 aqueous emulsion or an aqueous dispersion 

[0007] However, in the method in which the biologically active substance is dispersed into the protective substance 
and the dispersion is pulverized, the biologically active substance is present near surfaces of particles obtained 
Accordingly, when the protection is taken seriously, the content of the biologically active substance has to be notably 
decreased. Since the residence time of the water-soluble biologically active substance in the rumen is between 10-odd 
45 hours and several days, this biologically active substance can hardly be protected sufficiently. 

[0008] Further, a method in which a biologically active substance-containing core is coated with an acid-sensitive 
high-molecular substance or a hydrophobic protective substance has been also proposed. However, in view of produc- 
tion of a formula feed which has been increasingly conducted in recent years, the thus-obtained coated particles of the 
feed additive composition undergo mechanical granulation and/or coating destruction owing to mixing or pulverization 
with a starting material of a formula feed such as another feed composition, and a stability in a rumen of a ruminant is 
impaired in many cases. Thus, the composition is not said to be a multi-purpose feed additive composition. 
[0009] Thus, it is advisable that a feed additive which can withstand mixing or pulverization with another feed compo- 
sition take itself the form of a powder or granules (preferably uniform granules) and pre/ent release of a biologically 
active substance in the rumen but allowelution of the biologically active substance in tee abomasum and lower diges- 
tive organs. However, when the basic amino acid is used to improve nutrition of the feed, a substance which is com- 
posed of a basic amino-acid-containing composition and which takes the form of a powder or (uniform) granules that 
are neutral, insoluble and acid-soluble is only phosphorus wdframate. 

[0010] Japanese Kokai No. 98.357/1988 discloses a ruminant feed additive composition in which a salt of a basic 
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amino acid and an acidic phosphate is coated with a synthetic polymer. Among various salts in this document, the salt 
of the acidic phosphoric acid alkaline-earth metal salt and the basic amino acid corresponds to an analogue of a pre- 
cursor composite salt (which is sometimes referred to as "an intermediate composite salt" in the present specification) 
of a phosphoric acid-amino acid-polyvalent metal composite salt (which is sometimes referred to as "a final composite 

s salt" in the present specification) in the present invention. However, the salt of the acidic phosphoric acid alkaline-earth- 
metal salt and the basic amino acid in this document has the composition that the molar ratio of phosphoric acid, alka- 
line-earth metal and basic amino acid is 1:0.5:1 to 2 which is different from that of the precursor composite salt com- 
posed of phosphoric acid, alkaline-earth metal (specifically, magnesium) and basic amino acid in the present invention. 
The salt of the acidic phosphoric acid alkaline-earth-metal salt and the basic amino acid in the present invention is 

io decomposed in water over the course of time to form an alkaline-earth-metal secondary phosphate, a basic amino-acid 
primary phosphate or a basic amino-acid secondary phosphate. Since the basic amino-acid phosphate exhibits quite a 
high water-solubility, this salt is substantially neutral and water-soluble in view of the solubility of the basic amino acid. 
[001 1 ] Phosphoric acid is formed into various salts with alkaline-earth metals, and some of them are insoluble in neu- 
tral or alkaline water and are soluble in acidic water. For example, it is known that calcium secondary phosphate, mag- 

is nesium tertiary phosphate and the like are accumulated as scales in an equipment of fermentation industrial plants in 
which phosphoric acid is often used, causing troubles in the equipment. Ammonium magnesium phosphate shows the 
similar nature. With respect to a composite salt (tertiary phosphoric acid salt) comprising 1 mol of phosphoric acid, 1 
mol of an alkaline-earth metal and 1 mol of a basic amino acid in which an ammonium ion is replaced with an equivalent 
basic amino acid as a basic ion, and a tertiary phosphoric acid salt and/or a secondary phosphoric acid salt comprising 

20 1 mol of phosphoric acid, from 1 to 1.45 mols of an alkaline-earth metal and from 0.05 to 1 mol of a basic amino acid, 
only a composite salt disclosed in a prior application [Japanese Patent Application No. 306,385/1994, WO 96/17822 
(13. 06. 96)] of the present inventors is known. 

[001 2] It is a composite salt represented by the following formula (a) or (b), among composite salts (inter mediate com- 
posite salts) described in WO 96/1 7822, that corresponds to the phosphoric acid-amino acid-polyvalent metal compos- 
es ite salt of the present invention by improving the solubility thereof. 


wherein R represents a basic amino acid, M represents an alkaline-earth metal, and H represents hydrogen. 
Disclosure of the Invention 

35 [001 3] Under the above-mentioned circumstances, the present invention aims to provide, in view of a safety and eco- 
nomics, a compound which contains a basic amino acid, and which is not dissolved in a rumen of a ruminant but allows 
elution of a basic amino acid in an abomasum and lower digestive organs and absorption and digestion of the same - 
therein at good efficiency, and a composition containing the same which composition takes the form of a powder or (uni- 
form) granules. 

40 [0014] They found before that various composite salts comprising a basic amino acid, an alkaline-earth metal and 
phosphoric acid are insoluble in neutral or alkaline water and is soluble in acidic water, and take the form of a powder 
(Japanese Patent Application No. 306,385/1994). They have assiduously conducted investigations to achieve the 
above object, and have consequently found that a composite salt which can be obtained by treating, among the above- 
mentioned various composite salts, a composite salt comprising a basic amino acid, magnesium and orthophosphoric 
45 acid with (i) another divalent or trivalent (polyvalent) metal in combination with (ii) condensed phosphoric acid and/or 
orthophosphoric acid exhibits a better stability to neutral or slightly acidic water, namely a lower solubility therein, and 
that it exhibits an excellent insolubility in the rumen of the ruminant and an excellent elution property in the abomasum 
and lower digestive organs. These findings have led to the completion of the present invention. 
[001 5] That is, the present invention relates to a phosphoric acid-amino acid-polyvalent metal composite salt repre- 
ss sented by the following formula (1) or (2), which comprises a basic amino acid, magnesium and a polyvalent metal other 
than magnesium and phosphoric acid, and which is insoluble in neutral or alkaline water and is soluble in acidic water, 
a process for producing the same, and a ruminant feed additive composition containing the above-mentioned compos- 
ite salt. 


R a M b H c PO 4 - n H 2 0 


(a)- 


R a M b H c PO 4 (PO 3 ) m -nH 2 0 


(b) 


55 


R a Mg b M c H d P0 4 -nH 2 0 


0) 


wherein 
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R represents a basic amino-acid hydrogen cation, 
Mg represents magnesium, 

M represents a polyvalent metal of m-valence other than magnesium in which m is 2 or 3, 

H represents hydrogen, 
5 a is between 0.05 and 1 .0, 

b is between 0.85 and 1 .43, 

c is between 0.02 and 0.6. 

d is between 0 and 0.3, 

a + bx2 + cxm + d= 3, and 
10 n is between 0 and 20. 

RaMg b M c H d P0 4 (P0 3 ) m • nH 2 0 (2) 

wherein 

15 

R represents a basic amino-acid hydrogen cation, 
Mg represents magnesium, 

M represents a polyvalent metal of q-valence other than magnesium in which q is 2 or 3, 

H represents hydrogen, 
20 a is between 0.05 and 0.4, 

b is between 0.90 and 1 .47, 

c is between 0.01 and 1 .4, 

d is between 0 and 0.3, 

a+2xb+qxc+d=m+3, 
25 m isO < m < 1.12, and 

n is between 0 and 10. 

[001 6] The present invention is described in detail below. 

[0017] First of all, the phosphoric acid-amino acid-polyvalent metal composite salt of formula (1) is described. 
30 [001 8] Orthophosphoric acid which is starting phosphoric acid in producing the composite salt of the present invention 
can be used in the form of a free acid or salt, and in the form of an aqueous solution having an appropriate concentra- 
tion. 

[001 9] The starting basic amino acid which is used in producing the composite salt includes natural basic amino acids 
such as lysine, arginine and ornithine; basic derivatives thereof; and basic derivatives of neutral amino acids. These 

35 amino acids are used either singly or in combination. Specific examples thereof include natural basic amino acids such 
as lysine, arginine and ornithine; basic derivatives such as basic amino-acid-corrtaining peptides; and basic derivatives 
of neutral amino acids, for example, amides and esters of amino acids such as methionine, tryptophane and threonine. 
[0020] Examples of the divalent or trivalent (polyvalent) metal other than magnesium which constitutes the composite 
salt in the present invention include alkaline-earth metals such as calcium, strontium and barium; transition metals such 

40 as aluminum, iron, cobalt, manganese and chromium; and other divalent metals such as zinc and cadmium. Of these, 
salts of calcium, aluminum, iron and zinc are preferable because the composite salt is received biologically safely. In the 
production of the composite salt in the present invention, these metals can be obtained in the form of appropriate salts. 
[0021] The phosphoric acid-amino acid -polyvalent metal composite salt of formula (1) in the present invention is a 
composite salt which can be obtained by first causing, for example, a basic amino acid, a magnesium salt and phos- 

45 phoric acid to exist in an aqueous solution under neutral or alkaline conditions in which the basic amino acid is used at 
a relatively high concentration to obtain a crystalline precipitate (intermediate composite salt which is represented by, 
for example, formula (4) to be described later), and then treating the same with a divalent or trivalent (polyvalent) metal 
other than magnesium. A specific example thereof is a salt corresponding to a mixture containing a tertiary phosphate 
of orthophosphoric acid as a main component and a secondary phosphate in which the amount of phosphoric acid is 1 

so mol. that of the basic amino acid is between 0.05 and 1 mol (a), that of magnesium is between 0.85 and 1 .43 mols (b), 
that of the divalent or trivalent (polyvalent) metal of polyvalence (m) other than magnesium is between 0.02 and 0.6 
mols (c), that of the residual hydrogen (d) of phosphoric acid is between 0 and 0.3 mols (d), a + 2b + mc + d = 3 , that 
of the secondary phosphate is 1/2 or less of that of the tertiary phosphate (molar ratio), and a water content in the com- 
posite salt is 30% or less. H 2 0 is theoretically 0. 1 or 2. but it is between 0 and 20 depending on the dry condition. 

55 [0022] A process for producing the phosphoric acid-amino acid-polyvalent metal composite salt in the present inven- 
tion is not particularly limited so long as the resulting composite salt is insoluble in a neutral or alkaline aqueous solution 
and is soluble in an acidic aqueous solution. Preferable is a process in which the intermediate composite salt is mixed 
with a solution of a salt of a divalent or trivalent (polyvalent) metal other than magnesium, and the mixture is separated 
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and dried. And preferable is a process in which the intermediate composite salt is mixed with a solution ot a salt of a 
divelent or trivalent(polyvaJent) metal other than magnesium and with orthophosphoric acid and/or orthophosphoric 
acid salt solution, and the mixture is separated and dried. 

[0023] The process for producing the intermediate composite salt is preferably grouped into the following four. 

5 [0024] In the first process, a secondary phosphate of magnesium is dispersed into a large amount of an aqueous 
solution of a basic amino acid (the aqueous solution of the basic amino acid is basic), the dispersion is heated, and the 
resulting precipitate is separated and as required, is washed. Specifically, magnesium hydrogenphosphate is added to 
a large amount of a concentrated aqueous solution (basic) of a free basic amino acid formed by dehydrochlorination 
through treatment with an ion-exchange resin from a basic amino-acid salt, for example, lysine hydrochloride, and the 

w mixture is heat-stirred. Magnesium hydrogenphosphate in the mixed solution disappears over the course of time, and 
the phosphoric acid-amino acid-magnesium composite salt is formed as a precipitate. The precipitate is subjected to 
solid-liquid separation, and the resulting solid phase is washed with water as required to remove the excess basic 
amino acid. The residue is dried to obtain a desired intermediate composite salt. In the composition of this intermediate 
composite salt, for example, the molar ratio of phosphoric acid, basic amino acid and magnesium is 1 :0.8 to 1 .6:1.1 . 

is [0025] In the second process, an aqueous solution of a magnesium salt and orthophosphoric acid are mixed in a large 
amount of an aqueous solution of a basic amino acid (this aqueous solution is basic), the resulting precipitate is sepa- 
rated, and the precipitate separated is washed as required. Specifically, 3 mols or more of a concentrated aqueous 
solution of a basic amino acid are neutralized with 1 mol of orthophosphoric acid to form a tertiary phosphate solution 
of a high concentration. Then, from 1 .0 to 1 .45 mols of a concentrated aqueous solution of a magnesium neutral salt 

20 such as magnesium chloride and/or magnesium sulfate are added thereto, and the mixture is stirred. The resulting pre- 
cipitate is subjected to solid-liquid separation. The excess basic amino acid is washed with water, and the residue is 
dried to form the desired intermediate composite salt. 

[0026] In the third process, a primary phosphate solution of a basic amino acid is mixed with magnesium hydroxide 
and/or magnesium oxide, the resulting precipitate is separated, and the precipitate separated is washed as required. 

25 Specifically, from 0.7 to 1 .4 mols of a concentrated aqueous solution of a basic amino acid is mixed and neutralized with 
1 .0 mol of orthophosphoric acid. The concentrated aqueous solution of the basic amino acid primary phosphate is 
mixed with an aqueous dispersion of from 1 .0 to 1 .45 mols of magnesium hydroxide and/or magnesium oxide. The 
resulting precipitate is separated. The excess basic amino acid is washed with water as required, and the precipitate 
separated is then dried to form a desired intermediate composite salt. In the composition of this intermediate basic . 

30 anino acid, for example, the molar ratio of phosphoric acid, basic amino acid and magnesium is 1 :0.5 to 0.8:1 .0 to 1 .45. 
[0027] In the fourth process, phosphoric acid, an aqueous solution of a basic amino acid and magnesium hydroxide 
and/or magnesium oxide are mixed, and the mixture is then heat-dried. For example, the aqueous solution of the basic 
amino acid is mixed and neutralized with orthophosphoric acid at a molar ratio of 0.05 to 0.8:1 .0. To this solution are 
then added from 1 .0 to 1 .45 mols of magnesium hydroxide and/or magnesium oxide, and the mixture is heat-dried. Fur- 

35 ther, from 0.05 to 0.8 mols of a concentrated aqueous solution of a basic amino acid is mixed and neutralized with 1 .0- 
mol of orthophosphoric acid to form a concentrated mixed aqueous solution of a primary phosphate of a basic amino 
acid and orthophosphoric acid. To this solution are added from 1 .0 to 1 .45 mols of magnesium hydroxide and/or mag- 
nesium oxide in the form of an aqueous dispersion. The resulting precipitate containing the reaction mixture is directly 
dried through heating or the like to give a desired intermediate composite salt. 

40 [0028] In these four processes, the concentrated aqueous solution (which is basic as mentioned above) of the basic 
amino acid is adopted as a starting material, and the amino-acid composite salt (intermediate composite salt) is formed 
by the reaction in which the basic amino acid is used at a relatively high concentration. In the present invention, the con- 
centration of the basic amino acid is preferably between 10 and 60 parts by weight per 100 parts by weight of the total 
water content present in the reaction system in the case of the second process in which the highest concentration is 

45 selected, and it is preferably between 3 and 20 parts by weight per 1 00 parts by weight of the total water content present 
in the reaction system in the case of the fourth process in which the lowest concentration is selected. 
[0029] These four processes can also be used in combination as required. Specific examples thereof include a proc- 
ess in which an appropriate amount of a concentrated aqueous solution of a neutral salt of orthophosphoric acid and/or 
magnesium is added to a reaction solution in which the magnesium phosphate-amino acid composite salt is formed as 

so a precipitate in the first process, these are mixed while being stirred, and the mixture is heated, whereby the concen- 
trated aqueous solution is reacted with the large amount of the basic amino acid remaining in the reaction solution; and 
a process in which an appropriate amount of magnesium hydroxide is added to a reaction solution in which a magne- 
sium phosphate-amino acid composite salt is formed as a precipitate in the second process, whereby magnesium 
hydroxide is reacted with large amounts of the basic amino acid and phosphoric acid remaining in the reaction solution. 

55 [0030] In the present invention, the salts of the divalent or trivalent (polyvalent) metals other than magnesium which 
are used when treating the intermediate composite salt are not particularly limited. That is, the polyvalent metal salts 
can be used in the solid state either singly or in combination as solid mixed salts. Needless-to-say, the salts can be used 
in the form of a solution or a dispersion. Preferable is a weakly acidic or basic aqueous solution or dispersion containing 
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at least 0 001 parts by weight, per 1 00 parts by weight of the solution, of the polyvalent metal ion other than magnesium 
Specific examples thereof include aqueous solutions of aluminum salts such as aluminum chloride, polyaluminum chlo- 
ride, ammonium sulfate, ammonium alum and potassium alum; aqueous solutions or aqueous dispersions of calcium 
salts such as calcium chloride, calcium sulfate, calcium hydroxide and calcium nitrate; aqueous solutions of iron salts 

5 such as ferrous chloride, ferric chloride, ferrous sulfate, ferric sulfate, potassium iron sulfate and ammonium iron sulfate; 
and aqueous solutions or aqueous dispersions of zinc salts such as zinc chloride, ammonium zinc chloride and zinc 
hydroxide. These solutions (or dispersions) of the polyvalent metals other than magnesium may be used either singly 
or in combination as a mixed salt solution (or dispersion) or a composite salt solution (or dispersion). 
[0031] The necessary amount of the divalent or trivalent (polyvalent) metal salt other than magnesium, which is used 

10 to treat the intermediate composite salt in the present invention varies depending on the time of the contact with the 
intermediate composite salt, the concentration of the solution or the dispersion of the divalent or trivalent (polyvalent) 
metal salt other than magnesium and the dispersion concentration of the intermediate composite salt in the contact. 
However, since most of the divalent or trivalent (polyvalent) metal ions other than magnesium migrate into the desired 
composite salt, the concentration of this metal salt is preferably between 0.02 and 0.6 mols per mol of phosphoric acid 

is in the intermediate composite salt. 

[0032] In this invention, when the intermediate composite salt is treated with the divalent or trivalent (polyvalent) metal 
salt other than magnesium, a method in which the intermediate composite salt is prepared previously, then mixed with 
a salt solution of a divalent or trivalent (polyvalent) metal other than magnesium, separated and dried is preferably 
employed. At this time, the intermediate composite salt is dried previously and is used in the form of a powder. Also 

20 available are a method in which an undried intermediate composite salt is dispersed into a salt solution of a divalent or 
trivalent (polyvalent) metal other than magnesium, and the dispersion is then separated and dried, and a method in 
which an undried intermediate composite salt is mixed with, for example, calcium hydroxide in the form of a powder or 
an aqueous dispersion, and the mixture is dried as it is. 

[0033] In the present invention, the treatment of the intermediate composite salt with the salt of the divalent or trivalent 
25 (polyvalent) metal other than magnesium is effective for further increasing the insoluble/soluble-property of the interme- 
diate composite salt which is insoluble in neutral or alkaline water and is soluble in acidic water and for exhibiting the 
insolubility in a neutral buffer aqueous solution too. This is presumably because when the intermediate composite salt 
is treated with the salt of the divalent or trivalent (polyvalent) metal other than magnesium, a surface layer which is 
formed of orthophosphoric acid and the salt of the divalent or trivalent (polyvalent) metal other than magnesium and 
30 which is more insoluble is formed on the surface of the intermediate composite salt so as to form a final composite salt 
which is insoluble in a neutral buffer aqueous solution and is soluble in an acidic buffer aqueous solution. 
[0034] And preferable is a process in which the intermediate composite salt is mixed with a solution of a salt of a dive- 
lent or trivalent(polyvalent) metal other than magnesium and with orthophosphoric acid and/or orthophosphoric acid 
salt solution, and the mixture is separated and dried. 
35 [0035] Next, the phosphoric acid-amino acid-polyvalent metal composite salt of formula (2) is described. 

[0036] The composite salt of formula (2) in the present invention can be produced by bringing a phosphoric acid- 
amino acid-magnesium composite salt (intermediate composite salt) represented by formula (4) 

R a Mg b H c P0 4 • nH 2 0 (4) 

40 

wherein 

R represents a basic amino-acid hydrogen cation, 

Mg represents magnesium, 
45 H represents hydrogen, 

a is between 0.05 and 1 .0, 

bis between 1.0 and 1.47, 

c is between 0 and 0.3, 

a+2xb+c=3, and 
so n is between 0 and 1 0 

into contact with a condensed phosphoric acid component and a substance of a divalent or trivalent (polyvalent) metal 
other than magnesium in an aqueous medium. 

[0037] Specific examples of the substance of the divalent or trivalent (polyvalent) metal other than magnesium include 
55 aluminum salts such as aluminum chloride, polyaluminum chloride, aluminum sulfate, ammonium alum and potassium 
alum; calcium salts or hydroxides such as calcium chloride, calcium sulfate, calcium hydroxide and calcium nitrate; iron 
salts such as ferrous chloride, ferric chloride, ferrous sulfate, ferric sulfate, potassium iron sulfate and ammonium iron 
sulfate; and zinc salts such as zinc chloride and ammonium zinc chloride; and zinc hydroxide. These polyvalent metal 
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salts may be used either singly or in combination, and a solid mixed salt, a solution or a composite salt solution thereof 
are also available. 

[0038] Examples of the condensed phosphoric acid component which is used in treating the Mg salt in the present 
invention include polyphosphoric acids such as pyrophosphoric acid, tripolyphosphoric acid, tetrapolyphosphoric acid 
f and the like; metaphosphoric acids such as trimetaphosphoric acid, tetrametaphosphoric acid, hexametaphosphoric 
acid and the like; and salts thereof. Orthophosphoric acid component; including orthophosphoric acid and a salt thereof, 
can be used with the condensed phosphoric add component. Examples of the salts include salts of metals such as 
sodium, potassium, magnesium, calcium, iron, zinc and aluminum; and an ammonium salt. Especially when the diva- 
lent or trivalent metal salts such as a calcium salt and an iron salt are used, the above-mentioned polyvalent metal sub- 
's stance is contained at the same time, making it possible to decrease the amount of the polyvalent metal substance 
These condensed phosphoric acid component (and the orthophosphoric acid component which is used as required) 
can be used either singly or in combination. These components can be used in their own forms regardless of the solid 
state or the liquid state. They can also be used in the form of an aqueous solution. 

[0039] The necessary amounts of the divalent or trivalent (polyvalent) metal substance and the condensed phos- 

'5 phone acid component (and the orthophosphoric acid component which is used as required) which are used when 
treating the Mg salt in the present invention have to be determined in consideration of the following two points. That is, 
the amounts vary depending on the time of the contact with the Mg salt and the dispersion concentration of the Mg salt 
m the contact. However, almost all of the polyvalent metal ions from the polyvalent metal substance and the condensed 
phosphoric acid component (and the orthophosphoric acid component which is used as required) migrate into the 

so desired final composite salt. Further, in general, when the amounts of the polyvalent metal substance and the con- 
densed phosphoric acid component (and the orthophosphoric acid component which is used as required) are 
increased, the solubility of the final composite salt is suppressed, but the content of the basic amino acid which is 
required as a feed is decreased. Accordingly, in order to develop the effect given by the decrease in the solubility and 
maintain the content of the basic amino acid, both of the above-mentioned components can be used at amounts of from 

25 0 004 to 1 2. preferably from 0.01 to 0.5 per mol of phosphoric acid of the Mg salt. 

[0040] The Mg salt (intermediate composite salt), the polyvalent metal substance and the condensed phosphoric add*- 
component (and the orthophosphoric acid component which is used as required) are usually brought into contact witrv^ 
one another in an aqueous medium. In general, the Mg salt, the polyvalent metal substance and the condensed phos- 
phoric acid component (and the orthophosphoric acid component which is used as required) are mixed in an aqueous 

30 solution vhile being stirred. 

[0041] The Mg salt (intermediate composite salt) used herein can be formed by, for example, reacting orthophos- 
phoric acid and magnesium hydroxide with a basic amino acid, isolating the salt from the reaction solution, and drying 
the same. However, the isolation is not necessarily conducted, and the reaction solution itself may be treated with the 
condensed phosphoric acid component (and the orthophosphoric acid component which is used as required) and the 

35 divalent or trivalent (polyvalent) metal substance. The wet crystals of the Mg salt which are obtained through solid-liquid 
separation are not necessarily dried. The desired polyvalent metal composite salt (final composite salt) can be formed 
also by kneading the wet crystals of the Mg salt with the polyvalent metal substance and the condensed phosphoric: 
acid component (and the orthophosphoric acid component which is used as required). 

[0042] In the mixing procedure for contact of these three components, it is important that the procedure is always con- 
40 ducted under neutral or alkaline conditions. That is, the Mg salt which is one of the starting materials and the desired 
polyvalent metal composite salt are stable under neutral or alkaline conditions but are relatively unstable under acidic 
condition and tend to be decomposed and dissolved in this condition. For example, when polyphosphoric acid is used 
as the condensed phosphoric acid component and calcium hydroxide as the polyvalent metal substance, it is better to 
add calcium hydroxide and polyphosphoric acid in this order to a slurry containing the Mg salt than to add the Mg salt 
45 to an aqueous solution of polyphosphoric acid (acidic) and then add calcium hydroxide (alkaline). It is also recommend- 
able to add polyphosphoric acid and calcium hydroxide at the same time while maintaining the pH of the slurry contain- 
ing the Mg salt at least 6, preferably at least 7. However, when the time is short, exposure to acidic conditions does not 
give so great an adverse effect. 

[0043] When a substance having a relatively low solubility, such as calcium hydroxide, is used as the polyvalent metal 
so substance, it is sometimes incorporated in an unreacted state into the desired polyvalent metal composite salt (final 
composite salt) under some reaction conditions. However, the influence of it on the stability in the rumen and on the sol- 
ubility in the abomasum and lower digestive organs is not particularly problematic. 

[0044] The temperature at which these three components are mixed for the contact thereof is not particularly limited. 
The mixing can be conducted at a temperature of from 0 to 80°C. The concentration of the reaction mixture in the mixing 
55 is not particularly limited so long as the uniform mixing is conducted. It is usually between 5 and 40% by weight as an 
Mg salt. 

[0045] After the mixing of the three components is completed, the mixture can be subjected at once to solid-liquid 
separation. In order to complete the reaction, it is preferable that the mixture be stirred for from 30 minutes to 1 day. 
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After the completion of the contact (mixing) procedure, the mixture is subjected to solid-liquid separation such as filtra- 
tion, shaking-separation or the like. The wet crystals of the polyvalent metal salt obtained have usually a water content 
of from 40 to 80%. When the wet crystals are dried, the water content usually becomes between 0 and 15%, though it 
varies depending on the drying conditions. 

5 [0046] In the present invention, the treatment of the Mg salt with the condensed phosphoric acid component (and the 
orthophosphoric acid component which is used as required) and the substance of the divalent or trivalent (polyvalent) 
metal other than magnesium is effective for further increasing the soluble-property of the Mg salt which is insoluble in 
neutral or alkaline water and is soluble in acidic water and for exhibiting the insolubility in a neutral buffer aqueous solu- 
tion too. This is presumably because when the Mg salt is treated with the substance of the polyvalent metal other than 

to magnesium and the condensed phosphoric acid component (and/or the orthophosphoric acid component which is used 
as requied), an insoluble surface layer which is made of condensed phosphoric acid (and/or orthophosphoric acid 
which is used as requied) and the polyvalent metal salt is formed on the surface of the Mg salt, and a part of the poly- 
valent metal cation is replaced with the basic amino-acid hydrogen cation of the Mg salt to crosslink the Mg salt and the 
condensed phosphoric acid component (and/or the orthophosphoric acid component which is used as required) of the 

15 surface layer portion. As a result, a desired final composite salt which is insoluble in a neutral buffer aqueous solution 
and is soluble in an acidic buffer aqueous solution is formed. 

[0047] The compound of formula (3) is a phosphoric actd-amino acid-polyvalent metal composite salt, among those 
represented by formula (2), wherein the polyvalent metal other than magnesium is a polyvalent metal other than an 
alkaline-earth metal. 

20 

RaMgbZ c H d P0 4 (P0 3 ) m • nH 2 0 (3) 

wherein 

25 R represents a basic amino-acid hydrogen cation, 
Mg represents magnesium, 

Z represents a polyvalent metal of q-valence other than an alkaline-earth metal in which q is 2 or 3, 

H represents hydrogen. 

a is between 0.05 and 0.4, 
30 b is between 0.90 and 1 .47, 

c is between 0.01 and 1 .4, 

d is between 0 and 0.3, 

a+2xb + qxc + d = m + 3, 

m isO < m < 1.12, and 
35 n is between 0 and 10. 

[0048] The phosphoric acid-amino acid-polyvalent metal composite salt (final composite salt) of formula (1) or (2) in 
the present invention has a remarkable improved soluble-property that it is insoluble in neutral or alkaline water and is 
soluble in acidic water. Accordingly, it is stable in a neutral rumen, and is completely dissolved in an acidic abomasum 
40 to release the basic amino acid, and the basic amino acid released is absorbed in the small intestine. That is, the com- 
posite salt can be used as a ruminant feed additive composition in the form of a powder in which the basic amino acid 
that is the (active) ingredient is protected from the decomposition with microorganisms in the rumen quite effectively, 
and is digested and absorbed in the abomasum and lower digestive organs. 

[0049] This composite salt can be used as a ruminant feed additive composition in the form of a powder. Besides, it 

45 can be used by forming the same into granules having an appropriate diameter. 

[0050] In the present invention, the granules of the phosphoric acid-amino acid composite salt are especially prefer- 
ably uniform granules. With respect to the uniform granules in the present invention, when the granules are destroyed 
to form granular materials having a diameter of from approximately 1 to 2 mm, the composition thereof is unchanged. 
That is, the limit of the diameter in which granules are destroyed through chewing is between approximately 1 and 2 

so mm. Therefore, when the composition of the granular materials having a diameter of from approximately 1 to 2 mm is 
unchanged, the composition of the granular materials after chewing is fixed. Thus, when the granules are mixed or pul- 
verized with the other feed components, the elution of the basic amino-acid component is not greatly changed. Thus, it 
is preferable. 

[0051] The granulation can be conducted by a usual method so long as the above-mentioned uniformity is provided. 
55 Preferable are a method in which the composite salt is mixed with an appropriate binder, and the mixture is granulated 
through extrusion-granulation, rolling-granulation, compression-granulation, melt-spray-granulation or the like, a 
method in which a sJurry is spray-dried, and a method in which a powder is granulated together with an appropriate 
binder through granulation using a fluidized bed or through stirring-granulation. 
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[0052] The binder is not particularly limited, and an ordinary binder can be used. The binder includes water-soluble 
binders and hydrophobic binders. Specific examples of the water-soluble binders include water-soluble polysaccha- 
rides such as a starch, a carboxymethyl cellulose salt, an alginate, hydroxypropyl cellulose and a starch glycolic acid 
salt; water-soluble proteins such as casein sodium, gelatin and soybean protein; saccharides such as molasses, lac- 

5 tose and dextrin; and synthetic high-molecular substances such as a polymethacrylate salt, polyvinyl alcohol and poly- 
vinyl pyrrolidone. SpecHic examples of the hydrophobic binders include natural waxes such as a shellac resin, a rosin, 
a bees wax and a paraffin wax; higher aliphatic acids such as cetanol and stearic acid; materials associated with fats 
and oils, such as higher fatty acid metal salts, animal and vegetable fats and oils, and hardened animal and vegetable 
fats and oils; nonionic surfactants such as glycerin monostearate; and semi-synthetic resins and synthetic high-molec- 

io ular substances such as acetyl cellulose, polyvinyl acetate, ester gum and a coumarone resin. 

[0053] The ratio of the binder to the phosphoric acid-amino acid -polyvalent metal composite salt in the granulation 
varies depending on the type of the binder. The binder in an amount of from 0.1 to 50% by weight per 100 parts by 
weight of the composite salt achieves the predetermined object and is sufficient for shape retention. Further, the diam- 
eter of the granules is not particularly limited so long as it is appropriate for intake of a ruminant. The granules having 

75 an average diameter of approximately 5 mm or less is preferable because the irregularity of the feed is decreased. The 
granules having an average diameter of from 2 to 0.2 mm are especially preferable because they facilitate the mixing 
with other feed components. 

[0054] The granules containing the phosphoric acid-amino acid-polyvalent metal composite salt in the present inven- 
tion can be prepared by adding, besides the composite salt and the binder, other additives in order to adjust the specific 

20 gravity, to increase the strength of granules, to increase the melt-destruction in the abomasum, to improve processabil- 
ity in preparation of the granules, and so forth. The additives are selected from powders and waxes to form uniform 
granules. Specific examples thereof include inorganic substances such as carbonates, phosphates and hydroxides of 
alkaline-earth metals, talc, bentonite, clay and fine silica; and organic substances such as paraffin wax, polyethylene 
powder, pulp powder, cellulose powder and xanthone. 

25 [0055] In addition, the granules containing the phosphoric acid-amino acid composite salt in the present invention can 
be prepared by uniformly dispersing the other biologically active substance unless impairing the protection of the com- 
posite salt in the rumen and the elution thereof in the abomasum. The other biologically active substance includes; 
known nutrients and chemicals such as amino acids, derivatives thereof, hydroxy compounds of amino acids, vitamins 
and veterinary agents. These may be used either singly or in combination. 

30 [0056] Specific examples thereof include amino acids such as methionine, tryptophan and threonine; amino-acid 
derivatives such as calcium salts of N-acylamino acid and N hydroxymethyl methionine; amino-acid hydroxy com- 
pounds such as 2-hydroxy-4-methylmercaptobutyric acid and its salt; calory sources such as starch, fatty acid and fatty 
acid metal salt; vitamins such as vitamin A, vitamin A acetate, vitamin A palmitate, vitamin B group, thiamine, thiamine 
hydrochloride, riboflavin, nicotinic acid, nicotinic acid amide, calcium panthotenate, choline panthotenate, pyridoxine 

35 hydrochloride, choline chloride, cyanocobalamin, biotin, folic acid, p-aminobenzoic acid, vitamin D 2 . vitamin D 3 and 
vitamin E, as well as substances having the similar properties; tetracycline-type, amino-macrolide-type. macrolide-type 
and polyether-type antibiotics; insect repellents such as negphon; vermifuges such as piperadine; and hormones such 
as estrogen, stilbestrol, hexestrol, thyroprotein, goitrogen and growth hormone. 

40 Best Mode of Carrying Out the Invention 

[0057] The present invention is illustrated more specifically by referring to the following Examples and Comparative 
Examples. However, the present invention is not limited thereto. 

[0056] With respect to a biologically active substance in tests and Examples, an amount of an amino acid and an 
45 amount of an amino acid eluted were measured through liquid chromatography. 

[0059] Further, the contents of phosphorus and metal components were measured through ICP (induction binding 
plasma) emission spectral analysis and a dry weight decrease method (135°C, 30 minutes) respectively. 
[0060] The tests for the elution and the protection of a basic amino acid were conducted by the following methods (a) 
to (d) with respect to Examples 1 to 1 5 and by the following methods (e) to (g) with respect to Examples 1 6 to 28. 

50 

(a) Elution into pure water 

[0061 ] One gram of the sample prepared was charged into a 200-milliliter Erlenmeyer flask, and 1 00 ml of pure water 
were poured therein. The solution was sonicated at room temperature for 10 minutes, and was filtered. Subsequently, 
55 the amount of a basic amino acid in the filtrate (amount of elution from the sample) was analyzed, and the elution into 
pure water was evaluated in terms of a rate of elution. 
[0062] The rate of elution was calculated using the following equation (i). 


SDOCID: <EP 0937706A1_I_> 


9 


EP 0 937 706 A1 


Rate of elution (= elution) (%) = A/Bx100 (%) (i) 

A: amount of a basic amino acid eiuted 

B: amount of a basic amino acid in a sample used 

5 

(b) Protection in a corresponding rumen solution 

[0063] Approximately 0.5 g of the sample prepared were charged into a 300-milliliter Erlenmeyer flask, and 200 ml of 
a McDougall buffer solution corresponding to a rumen solution was poured therein. The mixed solution was shaken at 
10 39°C for 24 hours. After the completion of the shaking, the solution was filtered. The amount of a basic amino acid in 
the filtrate (amount of elution from the sample) was analyzed, and protection in the corresponding rumen solution was 
calculated using the following equation. 

Protection (%) = [(B-A)/B] x 100 (%) (ii) 

15 

wherein A and B are the same as in equation (i). 

(c) Protection in a corresponding rumen solution in the administration of a small amount of a sample 

20 [0064] In order to evaluate a bypass property depending on the amount of the sample in the rumen, approximately 
0.2 g of the sample prepared were charged into a 300-milliliter Erlenmeyer flask, and 200 ml of a McDougall buffer solu- 
tion corresponding to the rumen solution were poured therein. The mixed solution was shaken at 39°C for 24 hours. 
After the completion of the shaking, the solution was filtered. The amount of a basic amino acid in the filtrate (amount 
of elution from the sample) was analyzed, and the protection in the corresponding rumen solution in the administration 

25 of the small amount of the sample was calculated using the above-mentioned equation (ii). 

'McDougall buffer solution: 

[0065] Buffer solution obtained by dissolving the following reagents into 1 ,000 ml of water 

30 



sodium hydrogencarbonate 

7.43 g 

35 

disodium hydrogenphosphate 12-hydrate 

7.00 g 


sodium chloride 

0.34 g 


potassium chloride 

0.43 g 


magnesium chloride 6-hydrate 

0.10 g 

40 

calcium chloride 

0.05 g 


(d) Elution into a corresponding abomasum solution 

45 [0066] Approximately 0.5 g of the sample prepared were charged into a 300-milliliter Erlenmeyer flask, and 200 ml of 
an acetate-phosphate buffer solution corresponding to a rumen solution was poured therein. The mixed solution was 
shaken at 39°C for 1 hour. After the completion of the shaking, the solution was filtered. The amount of a basic amino 
acid in the filtrate (amount of elution from the sample) was analyzed, and the elution into the corresponding abomasum 
solution was calculated using the above-mentioned equation. 

50 

* Acetate-phosphate buffer solution: 

[0067] Buffer solution prepared by dissolving the following reagents into 1 ,000 ml of water and adjusting the pH of the 
solution to 2.2 with hydrochloric acid. 

55 
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30 


35 


sodium dihydrogenphosphate 2-hydrate 
sodium acetate 3-hydrate 


1.95 g 
3.40 g 


(e) Elution into pure water 

io [0068] One gram of the sample prepared was charged into a 50-milliliter messflask, and 50 ml of pure water were 
poured therein. The solution was sonicated at room temperature for 1 0 minutes, and was filtered. The amount of a basic 
amino acid eluted in the filtrate was analyzed, and the elution into pure water was calculated using the above-men- 
tioned equation (i). 

is (f) Protection in a corresponding rumen solution 

[0069] Approximately 0. 1 g of the sample prepared were charged into a 50-milliliter Erlenmeyer flask, and 20 ml of a 
0.5-M phosphate buffer solution (pH 6.0) corresponding to a rumen solution was poured therein. The mixed solution 
was shaken at 25°C for 20 minutes. After the completion of the shaking, the solution was filtered. The amount of a basic 
20 amino acid eluted in the filtrate was analyzed, and the protection in the corresponding rumen solution was* calculated 
using the above-mentioned equation (it). 

(g) Elution into a corresponding abomasum solution 

25 [0070] Approximately 0.25 g of the sample prepared were charged into a 300-miililiter Erlenmeyer flask, and 50 ml of 
an acetate-phosphate buffer solution corresponding to an abomasum solution was poured therein. The mixed solution 
was shaken at 39°C for 2 hours. After the completion of the shaking, the solution was filtered. The amount of a basic 
amino acid eluted in the filtrate was analyzed, and the elution into the corresponding abomasum solution was calcu- 
lated using the above-mentioned equation (i). 


* Acetate-phosphate buffer solution: 

[0071 ] Buffer solution prepared by dissolving the following reagents into 1 .000 ml of water and adjusting the pH of the 
solution to 2.2 with hydrochloric acid. 



sodium dihydrogenphosphate 2-hydrate 

3.55 g 

40 

dipotassium hydrogenphosphate 

167 g 


acetic acid 

3.90 g 


Example 1 

45 

Intermediate composite salt of formula (4) [1] 

[0072] Magnesium secondary phosphate 3-hydrate (1 74.3 g) was added to 1 ,300 g of an L-lysine aqueous solution 
(concentration: 45% by weight), and the mixture was heat -stirred at 80°C for 3 hours. Consequently, particulate crystals 
so of magnesium secondary phosphate disappeared, and fine crystals were formed in large amounts. The resulting crys- 
tals were filtered, washed with 1 ,000 ml of water, and then dried at 60°C under reduced pressure to obtain 285 g of a 
white crystalline powder. 

[0073] One gram of this white powder was added to 100 ml of each of pure water and the corresponding rumen solu- 
tion, and the mixture was stirred. As a result, no apparent change in the form of the sample was observed in either case. 
55 This product was designated an intermediate composite salt I. 
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Example 2 

Intermediate composite salt of formula (4) [2] 

5 [0074] An L-lysine aqueous solution (4,386 g, concentration: 20% by weight) was mixed and neutralized with 231 g 
of phosphoric acid (concentration: 85%). To this solution was added a solution of 493 g ot magnesium sulfate 7-hydrate 
in 1 ,000 ml of water at a time. The resulting gel-like precipitate was filtered, washed with 12,000 ml of water, and dried 
at 60°C under reduced pressure to obtain 280 g of a white powder. 

[0075J One gram of this white powder was added to 100 ml of each of pure water and the corresponding rumen solu- 
10 tion, and the mixture was stirred. As a result, no apparent change in the form of the sample was observed in either case. 
This product was designated an intermediate composite salt II. 

Example 3 

is Intermediate composite salt of formula (4) [3] 

[0076] An L-lysine aqueous solution (650 g, concentration: 45% by weight) was mixed and neutralized with 461 .2 g 
of orthophosphoric acid (concentration: 85%). To this solution was added a dispersion obtained by dispersing well 
291 .7 g of magnesium hydroxide in 1 ,000 ml of water, and these were mixed. The mixture was reacted, and heat-gen- 
20 erated to form a white solid material. This white solid material was heated at 95°C for 3 hours, and was then milled well 
with the addition of 3,000 ml of pure water. The solid material was filtered, washed with 3,000 ml of water, and then dried 
at 60°C under reduced pressure to give 750 g of a white powder. 

[0077] One gram of this white powder was added to 100 ml of each of pure water and the corresponding rumen solu- 
tion, and the mixture was stirred. As a result, no apparent change in the form of the sample was observed in either case. 
25 This product was designated an intermediate composite salt III. 

Example 4 

Intermediate composite salt of formula (4) [4] 

30 

[0078] A solution obtained by mixing and neutralizing 31 1 g of an L-lysine aqueous solution (concentration: 47% by 
weight) with phosphoric acid (concentration: 85%) was uniformly mixed with a dispersion obtained by dispersing well 
291.7 g of magnesium hydroxide with 700 ml of water. Then, the mixed solution was reacted, and heat-generated to 
form a white solid material. This white solid material was heated at 90°C for 3 hours, then milled, and dried at 60°C 
35 under reduced pressure to obtain 750 g of a white powder. 

[0079] One gram of this white powder was added to 100 ml of each of pure water and the corresponding rumen solu- 
tion, and the mixture was stirred. As a result, no apparent change in the form of the sample was observed in either case. 
This product was designated an intermediate composite salt IV. 

40 Example 5 

intermediate composite salt of formula (4) [5] 

[0080] Twenty grams of the white crystalline powder obtained in Example 1 were added to a solution obtained by mix- 
45 ing and neutralizing 4,386 g of an L-lysine aqueous solution (concentration: 20% by weight) with 231 g of phosphoric 
acid (concentration: 85%). Subsequently, a solution of 407 g of magnesium chloride 6-hydrate in 500 ml of water was 
gradually added thereto in small portions to form fine crystals. The resulting crystals were filtered, washed with 3 liters 
of water, and dried at 60°C under reduced pressure to give 573 g of a white crystalline powder. 
[0081] One gram of this white powder was added to 100 ml of each of pure water and the corresponding rumen solu- 
50 tion, and the mixture was stirred. As a result, no apparent change in the form of the sample was observed in either case. 
This product was designated an intermediate composite salt V. 

Example 6 

55 Intermediate composite salt of formula (4) [6] 

[0082] Magnesium secondary phosphate 3-hydrate (87.2 g) was added to 730 g of an L-lysine aqueous solution (con- 
centration: 40% by weight), and the mixture was heat-stirred at 80°C for 3 hours. Consequently, particulate crystals of 
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magnesium secondary phosphate disappeared, and fine crystals were formed. To this mixture were gradually added 
46.1 g of phosphoric acid (concentration: 85%) and a solution of 98.6 g of magnesium sulfate 7-hydrate in 150 ml of 
water at a time. Then, the mixture became a viscous crystalline slurry. The resulting crystals were filtered, washed with 
1 ,300 ml of water, and dried at 60°C under reduced pressure to give 198 g of a white crystalline powder. 
[0083] One gram of this white powder was added to 100 ml of each of pure water and the corresponding rumen solu- 
tion, and the mixture was stirred. As a result, no apparent change in the form of the sample was observed in either case. 
This product was designated an intermediate composite salt VI. 

Example 7 

Intermediate composite salt of formula (4) [7] 

[0084] A solution of 610 g of magnesium chloride 6-hydrate in 1 liter of water was added at a time to a solution 
obtained by mixing and neutralizing 4,873 g of an L-lysine aqueous solution (concentration: 30% by weight) with 461 g 
of phosphoric acid (concentration: 85%). The resulting viscous mixture was uniformly mixed with a dispersion obtained 
by dispersing well 93.3 g of magnesium hydroxide in 700 ml of water, and the solution was allowed to stand overnight 
to form a white precipitate. This precipitate was filtered, washed with 7,000 ml of water, and dried at 60°C under 
reduced pressure to give 980 g of a white powder. 

[0085] One gram of this white powder was added to 100 ml of each of pure water and the corresponding rumen solu- 
tion, and the mixture was stirred. As a result, no apparent change in the form of the sample was observed in either case. 
This product was designated an intermediate composite salt VII. 

Example 8 

Final composite salt of formula (1) [1] 

[0086] Each (250 g) of the intermediate composite salts I and II obtained in Examples 1 and 2 was mixed with 40 g 
of calcium chloride 2-hydrate and 2,000 ml of water, and the mixture was stirred at room temperature for 2 hours. The 
solid material was separated from this mixture through filtration, and was then dried. Thus, 253 g of a desired final com- 
posite salt I and 241 g of a desired final composite salt tl were obtained. 

Example 9 

Final composite salt of formula (1) [2] 

[0087] Each (250 g) of the intermediate composite salts ill and IV obtained in Examples 3 and 4 was mixed with 20 
g of calcium chloride and 2,000 ml of water, and the mixture was stirred at room temperature for 2 hours. The solid 
material was separated from this mixture through filtration, and was then dried. Thus 250 g of a desired final composite 
salt III and 248 g of a desired final composite salt IV were obtained. 

Example 10 

Final composite salt of formula (1) [3] 

[0088] Each (1 00 g) of the intermediate composite salts V and VI obtained in Examples 5 and 6 was mixed with 2,000 
ml of water together with 20 g of zinc chloride, and the mixture was stirred at room temperature for 3 hours. The solid 
material was separated from this mixture through filtration, and was then dried. Thus, 103 g of a desired final composite 
salt V and 103 g of a desired final composite salt VI were obtained. 

Example 1 1 

Final composite salt of formula (1) [4] 

[0089] One hundred grams of the intermediate composite salt VII obtained in Example 7 were mixed with 1 ,000 ml of 
water, and 30 g of ammonium aluminum sulfate (burnt alum) were added thereto. The mixture was stirred at room tem- 
perature for 2 hours. The solid material was separated from this mixture through filtration, and was then dried to obtain 
1 01 g of a desired final composite salt VII. 
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Example 12 


[0090] With respect to the intermediate composite salts I to VII obtained in Examples 1 to 7 and the final composite 
salts I to VII obtained in Examples 8 to 1 1 , the lysine content, the Mg content, the phosphorus content and the content 

5 of the polyvalent metal other than Mg were analyzed, and the results are shown in Table 1 . The lysine content was ana- 
lyzed through liquid chromatography using a solution of a sample in dilute hydrochloric acid. The Mg content was meas- 
ured through ICP (induction coupling plasma) emission spectral analysis. Further, the elution into pure water, the 
protection in a corresponding rumen solution, the protection in a corresponding rumen solution when administering a 
small amount of a sample, and the elution into a corresponding abomasum solution are also shown in Table 1. 

io [0091 ] From this Table 1 , it becomes apparent that in comparison with the intermediate composite salt, the final com- 
posite salt obtained by treating this intermediate composite salt with the salt of the polyvalent metal other than Mg 
exhibits the increased protection in the rumen and the excellent elution in the abomasum, and it therefore, exhibits the 
excellent solubility as a whole. 


15 


Table I 

Analysis of amino-acid composite salt composition 


Intermediate 
composite salt 

I 

II 

III 

IV 

V 

VI 

VII 

Lysine content 

51. 1 

20.0 

18.5 

19.5 

50.4 

36.5 

29.8 

Mg content 

8.5 

15.4 

16.6 

16.2 

8 . 4 

11.8 

13.4 

Phosphorus 
content 
as PC-4 

10. 8 
33. 1 

14.8 
45 . 4 

15.8 
48.5 

16.5 
50.6 

10.7 
32. 8 

12.7 
39.0 

13.5 
41.4 

Elution into pure 
water 

84.2% 

13.0% 

35.0% 

48.7% 

85.2% 

55.3% 

38.5% 

Protection in 
rumen 

10% 

85% 

55% 

42% 

9% 

40% 

57% 

Protection in 
rumen in 
administering 
small amount 

5% 

65% 

35% 

26% 

4% 

20% 

38% 

Elution into 
abomasum 

100% 

100% 

100% 

100% 

100% 

100% 

100% | 


40 


45 


50 


55 
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Table 1 (cont. > 


c 

Final 

composite 

salt 

I 

II 

III 

IV 


Polyvalent 
metal salt 

CaCls 

CaClz 

Ca (OH) 2 

Ca (OH) 2 

10 

Lysine 
content 

46. 6 

18 .2 

17.2 

18 . 3 


Mg content 

7.5 

14.8 

15. 1 

15.7 

15 

Polyvalent 
metal other 
than Mg 
Content 

Ca 
2 . 6 

Ca 
2 . 0 

Ca 
3 . 6 

Ca 
4 . 0 

20 

Phosphorus 
content 
as POi 

10. 9 
33.4 

14.9 
45.7 

15.9 
48 .7 

16.7 
51.2 

Elution into 
pure water 

65.3% 

8.0% 

35.0% 

48.7% 

25 

Protection in 
rumen 

30% 

90% 

55% 

42% 

Protection in 
rumen in 
administering 
small amount 

28% 

85% 

53% 

40% 

30 

Elution into 
abomasum 

100% 

100% 

100% 

100% 


35 


40 


45 


50 


55 
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Table 1 (cont . ) 


5 

Final composite 
salt 

V 

VI 

VII 


Polyvalent metal 
salt 

Znci 2 

ZnCl: 

burnt alum 

10 

Lysine content 

| 45.4 

30. 5 

28.2 



0 . u 

11./ 

13.2 

15 

ruxj/vaxciiL xiic i_ a x 

other than Mg 
Content 

^n 
2.8 

2.6 

Al 
0.8 


niuapnoius v_j 1 1 l. cri 1 L. 

as PO4 

in q 
33. 4 

j.£ . y 
39. 6 

14 . 1 
43.2 

20 

Elution into pure 
water 

68.3% 

35. 4% 

18.5% 


Protection in rumen 

28% 

54* 

75% 

25 

Protection in rumen 
in administering 
small amount 

26% 

51% 

72% 


Elution into 
abomasum 

100% 

100% 

100% 


30 


Example 13 

35 Final composite salt of formula (1 ) [5] 

[0092] L-arginine (174.2 g) and 98.0 g of phosphoric acid (concentration: 85%) were dissolved in 300 ml of water, and 
the solution were mixed with a dispersion obtained by dispersing well 72.9 g of magnesium hydroxide in 200 ml of water. 
Then, the mixture was reacted, and heat-generated to obtain a white solid material [intermediate composite salt of for- 
40 mula (4)]. This white solid material was heated at 95°C for 3 hours, and 1 ,000 ml of pure water was then added thereto. 
The mixture was milled well, and 10 g of calcium hydroxide were added thereto. The resulting mixture was stirred for 2 
hours. The solid material was filtered, washed with 1 ,000 ml of water, and dried at 60°C under reduced pressure to 
obtain 245 g of a white powder (final composite salt). 

[0093] One gram of this white powder was added to 100 ml of each of pure water and the corresponding rumen solu- 
45 tion, and the mixture was stirred. Consequently, no dissolution was observed in either case. One gram of this white pow- 
der was dissolved in 100 ml of dilute hydrochloric acid, and the concentration of arginine was measured. As a result, it 
was found to be 350 mg/dl, and the content of arginine was 35.0%. Further, 1 .00 g of this white powder was mixed with 
1 ,000 ml of pure water, and the mixture was sonicated for 5 minutes. The concentration of arginine in the supernatant 
was measured. It was found to be 50 mg/dl, and the elution into pure water was 1 4.3%. The protection of this white pow- 
50 der in the corresponding rumen solution and the elution of the same in the corresponding abomasum solution were 
evaluated. Consequently, the protection in the corresponding rumen solution was 17%, and the elution into the abo- 
masum solution was 100%. 

Example 14 

55 

Ruminant feed additive (1) 

[0094] Two-hundred grams of the final composite salt I obtained in Example 8 were mixed with 150 g of a hardened 
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soybean oil. Then, the mixture was heat-extruded at 65°C through a die having a bore diameter of 1 mm using a heat- 
extrusion machine, and was cut to a length of approximately 1 mm to form granules having a diameter of approximately 
1 mm. 

[0095] With respect to the resulting granules, the protection in the corresponding rumen solution and the elution into 
s the corresponding abomasum solution were evaluated. Consequently, the protection in the corresponding rumen solu- 
tion was 65%. and the elution into the corresponding abomasum solution was 95%. 

Example 15 

w Ruminant feed additive (2) 

[0096] Two-hundred grams of the final composite salt 111 obtained in Example 9 were mixed with 1 5 g of a methionine 
powder, 40 g of calcium carbonate, 20 g of casein sodium and 4 g of starch sodium glycolate, and 70 ml of water were 
added thereto. The resulting mixture was kneaded, extruded using a disc pelletizer having a bore diameter of 2 mm, cut 

75 to a length of approximately 2 mm, and dried to form granules having a diameter of approximately 2 mm. 

[0097] The thus-obtained granules were further cut into smaller granules having a diameter of approximately 0.5 mm. 
The five granules thereof were heat-extracted with dilute hydrochloric acid, and the ami no -acid content was measured. 
As a result, no difference in the amino-acid content was observed among these smaller granules. With respect to the 
thus-obtained granules, the protection in the corresponding rumen solution and the elution into the corresponding abo- 

20 masum solution were evaluated. Consequently, the protection of lysine in the corresponding rumen solution was 98%, 
and the protection of methionine in the corresponding rumen solution was 66%. The elutions of lysine and methionine 
into the corresponding abomasum solution were both 95%. Further, with respect to the smaller granules having the 
diameter of approximately 0.5 mm, the protection in the corresponding rumen solution and the elution into the corre- 
sponding abomasum solution were evaluated. Consequently, the protection of lysine in the corresponding rumen solu- 

25 tion was 96%, and the protection of methionine in the corresponding rumen solution was 63%. The elutions of lysine 
and methionine into the corresponding abomasum solution were both 98%. 

Ex amp le 1 6 

30 Intermediate composite salt of formula (4) [8] 

[0098] A dispersion of 1 .55 kg of an L-lysine aqueous solution (concentration: 50% by weight) and 0.86 kg of magne- 
sium hydroxide in 3.2 liters of water was mixed with 2.99 kg of 37-% phosphoric acid. After the mixture was heat-stirred 
at 80°C for 3 hours, 20 liters of water were added thereto. To the reaction mixture were added a dispersion of 1 7.9 kg 

35 of a 50-% L-lysine basic aqueous solution and 9.84 kg of magnesium hydroxide in 36.8 liters of water and 34 kg of 37- 
% phosphoric acid over a period of 90 minutes at the same time. During that time, the temperature of the reaction solu- 
tion was maintained at from 69 to 72°C. Further, the pH was between 8.2 and 8.5. Then, out of 128 kg of the slurry, 53 1 
kg thereof were subjected to shaking -separation. The resulting crystals were washed with 36 liters of water. The wet 
crystals were dried in an air stream of 80°C to give 1 1 .4 kg of dry Mg salt crystals (intermediate composite salt). 

40 [0099] The contents of lysine, Mg and P0 4 in the crystals were 20.0%, 18.9% and 51.1% respectively. Further, the 
elutions into the corresponding rumen solution, pure water and the corresponding abomasum solution were 76% (pro- 
tection 24%), 17% and 1 00% respectively. 

Example 17 

45 

Final composite salt of formula (2) [1] 

[0100] Seven grams of triphosphoric acid were dissolved in 500 ml of water, and 40 g of the Mg salt obtained in Exam- 
ple 16 and 8.75 g of calcium hydroxide were added thereto in this order. The mixture was stirred at room temperature 
so for 1 hour, and was then subjected to suction-filtration to separate crystals. The resulting wet crystals were dried at 65°C 
under reduced pressure to give 42.0 g of crystals (final composite salt). 

[0101] The contents of lysine. Mg, Pand Ca in the crystals were 11.8%, 13.1%, 16.6% and 8.4% respectively, and 
the water content was 11.5% Further, the elutions into the corresponding rumen solution, pure water and the corre- 
sponding abomasum solution were 5% (protection 95%), 2% and 100% respectively. 

55 

Comparative Example 1 

[0102] Example 17 was repeated except that triphosphoric acid was not used to obtain 41.2 g of dry crystals. 


17 

3 DOC ID: <EP 0$37706A1J_> 


EP 0 937 706 A1 


[0103] The elutions into the corresponding rumen solution, pure water and the corresponding abomasum solution 
were 66% (protection 34%), 7% and 100% respectively. " ~ 

Example 18 

Final composite salt of formula (2) [2] 

[0104] Example 1 7 was repeated except that the amount of triphosphoric acid was changed to 2.6 g and the amount 
of calcium hydroxide to 1 .8 g respectively to obtain 38.6 g of dry crystals (final composite salt). 
[0105] The contents of lysine, Mg, P and Ca in the crystals were 13.8%, 18.3%, 18.4% and 2.3% respectively, and 
the water content was 11.5%. Further, the elutions into the corresponding rumen solution, pure water and the corre- 
sponding abomasum solution were 56% (protection 44%), 3% and 100% respectively. 

Example 19 

Final composite salt of formula (2) [3] 

[0106] Example 1 7 was repeated except that the amount of triphosphoric acid was changed to 2.6 g and the amount 
of calcium hydroxide to 13.3 g respectively to obtain 47.7 g of dry crystals (final composite salt). 
[0107] The contents of lysine, Mg, P and Ca in the crystals were 9.8%, 13.5%, 13.6% and 12.9% respectively, and 
the water content was 13.7%. Further, the elutions into the corresponding rumen solution, pure water and the corre- 
sponding abomasum solution were 20% (protection 88%), 3% and 100% respectively. 

Example 20 

Final composite salt of formula (2) [3] 

[0108] Example 1 7 was repeated except that the amount of triphosphoric acid was changed to 1 .0 g and the amount 
of calcium hydroxide to 4.4 g respectively to obtain 23 g of dry crystals (final composite salt). 

[0109] The content of lysine was 13.5 Further, the elutions into the corresponding rumen solution, pure water and 
the corresponding abomasum solution wure 45% (protection 55), 2% and approximately 100% respectively. 

Example 21 

Final composite salt of formula (2) [5] 

[0110] Triphosphoric acid (47.1 g) was dissolved in 500 ml of water, and 63.4 g of calcium hydroxide were added 
thereto. The solution was stirred at room temperature for 1 hour. The resulting slurry was subjected to suction-filtration 
to separate crystals. The crystals separated were washed well with water. The wet crystals were dried to obtain 96.6 g 
of calcium tripolyphosphate. Example 17 was repeated except that 15.7 g of calcium tripolyphosphate were used 
instead of tripolyphosphoric acid and calcium hydroxide to give 49.5 g of crystals (final composite salt). 
[0111] The elutions into the corresponding rumen solution, pure water and the corresponding abomasum solution 
were 31% (protection 69%), 2% and 100% respectively. 

Example 22 

Final composite salt of formula (2) [6] 

[01 1 2] Three grams of sodium tripolyphosphate were dissolved in 450 ml of water. To this solution were added 45.0 
g of the Mg salt obtained in Example 16 and 5.0 g of calcium hydroxide. The mixture was stirred at room temperature 
for 2 hours. The resulting reaction slurry was subjected to suction -filtration, and the crystals precipitated were washed 
with 200 ml of water. The wet crystals were dried to give 37.8 g of dry crystals (final composite salt). 
[0113] The contents of lysine. Mg, P and Ca in the crystals were 14.3%, 16.1%, 15.6% and 5.1% respectively, and 
the water content was 9.7%. Further, the elutions into the corresponding rumen solution, pure water and the corre- 
sponding abomasum solution were 53% (protection 47%), 1% and 100% respectively. 
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Example 23 

Final composite salt of formula (2) [7] 

f [01 14] Example 22 was repeated except that 3.0 g of sodium hexametaphosphate was used instead of sodium tri- 
phosphate to give 46.4 g of dry crystals (final composite salt) 

[0115] The contents of lysine, Mg, P and Ca in the crystals were 13.7%, 16.1%, 16.1% and 5.1% respectively, and 
the water content was 10.8%. Further, the elutions into the corresponding rumen solution, pure water and the corre- 
sponding abomasum solution were 23% (protection 77%), 2% and 100% respectively. 

Exa m p le 24 

Final composite salt of formula (2) [8] 

/5 [Oil 6] Example 22 was repeated except that 3.0 g of metaphosphoric acid were used instead of sodium triphosphate 
to give 45 8 g of dry crystals (final composite salt). 

[0117] The contents of lysine, Mg, P and Ca in the crystals were 13.8%, 16.0%, 16.4% and 5.1% respectively, and 
the water content was 10.8%. Further, the elutions into the corresponding rumen solution, pure water and the corre- 
sponding abomasum solution were 26% (protection 74%), 2% and 100% respectively. 

DO 

Example 25 

Final composite salt of formula (2) [9] 

25 [0118] The slurry (19.5 kg) obtained in Example 16 was charged into a 30-liter container, and was heat-stirred at 
55"C To this slurry were added a dispersion of 50.48 kg of a 50-% lysine aqueous solution and 27.72 kg of magnesium ~ 
hydroxide in 1 55.5 liters of water and 42.22 kg of 85-% phosphoric acid at the same time over a period of 1 5 hours. Dur- 
ing that time, the rates of addition of the dispersion containing lysine and magnesium hydroxide and of phosphoric acid 
were controlled so as to maintain the pH of the slurry at 8.3. The amount of the solution in the container was kept con- 

30 stant by withdrawing from the container the slurry in the amount which was the same as tho^e of the dispersion and 
phosphoric acid added. A total of 265.8 kg of the slurry (intermediate composite salt) were wrtl drawn through this pro- 
cedure 

[01 1 9) The slurry (22. 1 5 kg) was stirred at 55°C. To this slurry were added an aqueous solution of 0.9 kg of pyrophos- 
phortc acid in 8.4 liters of water and a dispersion of 1 .22 kg of calcium hydroxide in 8.1 liters of water at the same time 
35 over a period of 2 hours During that time, the pH of the slurry was maintained at 9.3. The resulting slurry was subjected 
to shaking-separation, and the crystals separated were washed with 42 liters of water. The wet crystals obtained were 
dried in an air stream of 90°C to give 6.86 kg of dry crystals (final composite salt). 

[0120] The contents of lysine, Mg, P and Ca in the crystals were 11.0%, 13.4%. 16.1% and 7.8% respectively, and 
the water content was 9.2%. The mother wash liquid (60 liters) contained 1 .05 kg of lysine. However, Mg, P and Ca 
40 were contained therein in trace amounts, and 99.9% thereof were contained in the crystals (final composite salt) . Fur- 
ther, the elutions of the crystals into the corresponding rumen solution, pure water and the corresponding abomasum 
solution were 8% (protection 92%), 2% and 100% respectively. 

Example 26 

45 

Final composite salt of formula (2) [1 0] 

[01 21 ] The slurry (1 .95 kg) obtained in Example 1 6 was charged into a 3-liter container, and was heat-stirred at 55°C. 
To this slurry were added a dispersion of 5.05 kg of a 50-% lysine aqueous solution and 2.77 kg of magnesium hydrox- 

so ide in 1 5.6 liters of water and 4.22 kg of 85-% phosphoric acid at the same time over a period of 15 hours. During that 
time, the rates of addition of the dispersion containing lysine and magnesium hydroxide and of phosphoric acid were 
controlled so as to maintain the pH of the slurry at 8.3. The amount of the solution in the container was kept constant 
by withdrawing from the container the slurry in the amount which was the same as those of the dispersion and phos- 
phoric acid added. A total of 26.6 kg of the slurry (intermediate composite salt) were withdrawn through this procedure. 

55 [0122] The slurry (22.2 kg) was stirred at 55°C. To this slurry were added 9.5 kg of a 10-% phosphoric acid aqueous 
solution and a dispersion of 1 . 1 1 kg of calcium hydroxide in 8 liters of water at the same time over a period of 2 hours. 
During that time, the pH of the slurry was maintained at 9.3. The resulting slurry was subjected to shaking-separation, 
and the crystals separated were washed with 40 liters of water. The wet crystals obtained were dried in an air stream 
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of 90°C to give 6.84 kg of dry crystals (final composite salt). 

[0123] The contents of lysine, Mg, P and Ca in the crystals were 11.0%. 13.4%, 16.2% and 7.8% respectively, and 
the water content was 9.1%. The mother wash liquid (60 liters) contained 1.05 kg of lysine. However, Mg, P and Ca 
were contained therein in trace amounts, and 99.9% thereof were contained in the crystals (final composite salt) . Fur- 
5 ther, the elutions of the crystals into the corresponding rumen solution, pure water and the corresponding abomasum 
solution were 8% (protection 92%) , 2% and 1 00% respectively. 

Example 27 

10 Ruminant feed additive (3) 

[0124] Two-hundred grams of the dry polyvalent metal final composite salt (final composite salt) obtained in Example 
25 were kneaded with a 2-% carboxymethyl cellulose sodium salt aqueous solution. The mixture was then extruded 
using a disc pelletizer having a bore diameter of 1 .5 mm, cut to a length of approximately 2 mm, and dried to form gran- 
75 ules having a diameter of approximately 1.5 mm. The granules were further dried. 

[0125] With respect to the thus-obtained granules, the protection in the corresponding rumen solution and the elution 
into the corresponding abomasum solution were evaluated. Consequently, the elution into the corresponding rumen 
solution was 3% (protection 97%), and the elution into the corresponding abomasum solution was 95%. 

20 Example 28 

Ruminant feed additive (4) 

[0126] Two-hundred grams of the dry polyvalent metal composite salt obtained in Example 25 were mixed with 15 g 
25 of a methionine powder. 40 g of calcium carbonate, 20 g of casein sodium and 4 g of starch sodium glycolate. and 80 
ml of water were added thereto. The resulting mixture was kneaded, extruded using a disc pelletizer having a bore 
diameter of 1 .5 mm. cut to a length of approximately 2 mm. and dried to form granules having a diameter of approxi- 
mately 1.5 mm. The granules were dried. 

[0127] With respect to the thus-obtained granules, the elution into the corresponding rumen solution and the elution 
30 into the corresponding abomasum solution wer/* evaluated. Consequently, the elution of lysine into the corresponding 
rumen solution was 5% (protection 95%), and the elution thereof into the abomasum solution was 95%. The elutions of 
methionine into the corresponding rumen solution and the corresponding abomasum solution were 37% (protection 
63%) and 98% respectively. 

35 Example 29 

Final composite salt of formula (3) [1] 

[01 28] Seven grams of triphosphoric acid were dissolved in 500 ml of water, and 40 g of the Mg salt obtained in Exarn- 
40 pie 1 6 and 6.0 g of calcium hydroxide were added thereto in this order. The mixture was stirred at room temperature for 
1 hour, and was then subjected to suction-filtration to separate crystals. The resulting wet crystals were dried at 65°C 
under reduced pressure to give 40.5 g of crystals (final composite salt). 

Industrial Availability 

45 

[0129] In accordance with the present invention, a phosphoric acid-amino acid-polyvalent metal composite salt (final 
composite salt) which is insoluble in a neutral or alkaline aqueous solution and is soluble in an acidic aqueous solution 
can be formed by treating a composite salt (intermediate composite salt) of a basic amino acid, magnesium and phos- 
phoric acid with a salt of a divalent or trivalent (polyvalent) metal salt other than magnesium or by treating the interme- 
so diate composite salt with the polyvalent metal salt and a condensed phosphoric acid component (alone) or the 
condensed phosphoric acid component and a phosphoric acid component (in combination). 

[0130] This final composite salt contains a basic amino acid such as lysine or the like which is often lacking in a rumi- 
nant feed additive. It is, therefore, formed into a ruminant feed additive which is excellent in terms of the protection of 
the amino acid in a rumen and the elution thereof into an abomasum. This ruminant feed additive can be formed into 
55 uniform granules which are less influenced by destruction owing to chewing of a ruminant or mixing with other feed 
components. Thus, the granules can be formed into a ruminant feed additive composition which is excellent in terms of 
the protection of the basic amino acid in the rumen and the elution thereof into the abomasum in comparison with the 
prior art. 
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[0131] The present invention further provides a feed additive composition which enables a biologically active sub- 
stance to be effectively absorbed into a ruminant. Thus, it is extremely important industrially. 

Claims 

5 

1 . A novel phosphoric acid-amino acid-polyvalent metal composite salt represented by formula (1 j 

RaMgb M cH d P0 4 • nH 2 0 ( 1 ) 

io wherein 


R represents a basic amino-acid hydrogen cation, 
Mg represents magnesium, 

M represents a polyvalent metal of m-valence other than magnesium in which m is 2 or 3, 
is H represents hydrogen, 

a is between 0.05 and 1 .0, 

b is between 0.85 and 1 .43, 

c is between 0.02 and 0.6, 

d is between 0 and 0.3, 
20 a+bx2+cxm+d=3, and 

n is between 0 and 20. 


2. The phosphoric acid-amino acid-polyvalent metal composite salt of claim 1 , wherein in formula (1 ), the basic amino 
acid is at least one type selected from lysine and arginine. 

25 

3. The phosphoric acid-amino acid-polyvalent metal composite salt of claim 1 , wherein in formula (1), the divalent or 

trivalent (polyvalent) metal other than magnesium is at least one type selected from calcium, aluminum, zinc and * ? 

iron. £ 

30 4. A process for producing the phosphoric acid-amino acid-polyvalent metal composite salt of clrim 1, which com- ?. & 

prises dispersing magnesium secondary phosphate in a large amount of a basic amino-acid aqueous solution, then 
heating the dispersion, separating the resulting precipitate, then mixing the precipitate separated with a polyvalent- 
metal-salt solution, and separating the mixture to obtain the phosphoric acid-amino acid-polyvalent metal compos- " : 
ite salt. 

35 

5. A process for producing the phosphoric acid-amino acid-polyvalent metal composite salt of claim 1, which com- 
prises mixing a magnesium salt aqueous solution with phosphoric acid in a large amount of a basic amino-acid ^ ^ 
aqueous solution, separating the resulting precipitate, then mixing the precipitate separated with a polyvalent- 
metal-salt solution, and separating the mixture to obtain the phosphoric acid-amino acid-polyvalent metal compos- 
40 ite salt. 


6. A process for producing the phosphoric acid-amino acid-polyvalent metal composite salt of claim 1, which com- 
prises adding magnesium hydroxide and/or magnesium oxide to a primary phosphate aqueous solution of a basic 
amino acid, mixing them to form a precipitate, then mixing the precipitate separated with a polyvalent-metal-salt 
45 solution, and separating the mixture to obtain the phosphoric acid-amino acid-polyvalent metal composite salt. 


7. A process for producing the phosphoric acid-amino acid-polyvalent metal composite salt of claim 1, which com- 
prises mixing phosphoric acid, a basic amino-acid aqueous solution and magnesium hydroxide and/or magnesium 
oxide, then drying the mixture, mixing this dry product with a polyvalent-metal -salt solution, and separating the mix- 
so ture to obtain the phosphoric acid-amino acid-polyvalent metal composite salt. 

8. A process for producing the phosphoric acid-amino acid-polyvalent metal composite salt of claim 1, which com- 
prises separating (a) a precipitate obtained by dispersing magnesium tertiary phosphate in a large amount of a 
basic amino-acid aqueous solution, a precipitate obtained by mixing a magnesium salt aqueous solution with phos- 

55 phoric acid in a large amount of a basic amino-acid aqueous solution, or a precipitate obtained by mixing a primary 
phosphate aqueous solution of a basic.amino acid with magnesium hydroxide and/or magnesium oxide, then mix- 
ing the precipitate (a) separated with phosphoric acid, a basic amino-acid aqueous solution and magnesium 
hydroxide and/or magnesium oxide, drying the mixture, thereafter forming this dry product (b) into an aqueous 
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slurry, and gradually adding a phosphoric acid aqueous solution and a calcium hydroxide aqueous dispersion to 
this slurry at the same time while stirring the same to replace a part of magnesium contained in said precipitate or 
dry product with calcium. 

5 9. A novel phosphoric acid-amino acid-polyvalent metal composite salt represented by formula (2) 

RaMgbM c H d P04(P0 3 ) m . nH 2 0 (2) 

wherein 

10 

R represents a basic amino-acid hydrogen cation, 
Mg represents magnesium, 

M represents a polyvalent metal of q-valence other than magnesium in which q is 2 or 3, 

H represents hydrogen, 
is a is between 0.05 and 0.4, 

b is between 0.90 and 1 .47, 

c is between 0.01 and 1 .4, 

d ts between 0 and 0.3, 

a+2xb+qxc+d=m+3, 
20 m is 0 < m < 1 . 1 2, and 

n is between 0 and 1 0. 

1 0. The phosphoric acid-amino acid-polyvalent metal composite salt of claim 9, wherein in formula (2), the basic amino 
acid is at least one type selected from lysine and arginine. 

25 

1 1 . The phosphoric acid-amino acid-polyvalent metal composite salt of claim 9. wherein in formula (2). the divalent or 
trivalent (polyvalent) metal other than magnesium is at least one type selected from calcium, aluminum, zinc and 
iron 

30 12. A novel phosphoric acid-amino acid-polyvalent m«tal composite salt represented by formula (3) 

RaMgbZcHdP04(P0 3 ) m • nH 2 0 (3) 

wherein 

35 

R represents a basic amino-acid hydrogen cation, 
Mg represents magnesium, 

Z represents a polyvalent metal of q-valence other than an alkaline-earth metal in which q is 2 or 3, 

H represents hydrogen, 
40 a is between 0.05 and 0.4, 

b is between 0.90 and 1 .47, 

c is between 0.01 and 1 .4, 

d is between 0 and 0.3, 

a + 2xb + qxc + d = m + 3, 
45 m is 0 < m < 1 . 1 2, and 

n is between 0 and 10. 

1 3. The phosphoric acid-amino acid -polyvalent metal composite salt of claim 1 2, wherein in formula (3), the divalent or 
trivalent (polyvalent) metal other than an alkaline-earth metal is at least one type selected from aluminum, zinc and 

so iron. 

14. A process for producing the phosphoric acid-amino acid-polyvalent metal composite salt of formula (2), which com- 
prises bringing a phosphoric acid-amino acid-polyvalent metal composite salt (intermediate composite salt) repre- 
sented by formula (4) 

55 

RaM9bH c P<VnH 2 0 (4) 

wherein 
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R represents a basic amino-acid hydrogen cation, 
Mg represents magnesium, 
H represents hydrogen, 
a is between 0.05 and 1 .0, 
5 b is between 1 .0 and 1 .47, 

c is between 0 and 0.3, 
a + 2xb + c = 3. and 
n is between 0 and 10 

10 into contact with a condensed phosphoric acid component (alone) or the condensed phosphoric acid component 
and a phosphoric acid component (in combination) and a substance of a divalent or trivalent (polyvalent) metal 
other than magnesium. 

15. The process of daim 14, wherein the condensed phosphoric acid component to be brought into contact with the 
is phosphoric acid-amino acid -magnesium composite salt of formula (4) is at least one type selected from pyrophos- 

phoric acid, tripolyphosphoric acid, tetrapolyphosphoric acid, trimetaphosphoric acid, tetrametaphosphoric acid, 
hexametaphosphoric acid and salts thereof. 

1 6. The process of claim 1 4. wherein the substance of the divalent or trivalent (polyvalent) metal other than magnesium 
20 to be brought into contact with the phosphoric acid-amino acid magnesium composite salt of formula (4) is at least 

one type selected from halides, sulfates, nitrates, hydroxides and oxides of calcium, aluminum, iron and zinc. 

1 7. The process of claim 14. wherein the amounts of the condensed phosphoric acid and phosphoric acid components 
and the substance of the divalent or trivalent (polyvalent) metal other than magnesium are both between 0.004 and 

25 1 2 mois per mol of phosphoric acid of the phosphoric acid-amino acid-magnesium composite salt of formula (4). 

18. A ruminant feed additive composition, which contains as an active ingredient the phosphoric acid-amino acid-poly- 
valent metal composite salt of any one of claims 1 to 3 and 9 to 13 which is insoluble in neutral or alkaline water 
and is soluble in acidic water, and which takes the form of a powder or granules. 

30 

19. The ruminant feed additive composition of claims 18, which further contains, in addition to the phosphoric acid- 
amino acid-polyvalent metal composite salt of any one of claims 1 to 3 and 9 to 13, another biologically active sub- 
stance. 

35 


40 


45 


50 


55 
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